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Analysis of the ~l~canique C~leste of 3L La Place. 
whaler, is again called into action to feed the buds, which 
elongate into parts of the stems of the future plants in the 
spring, fibrous roots are emitted from the bases of these 
stems, whilst buds are generated at the opposite xtremities, 
as in the cases I have mentioned respecting trees. 
Many naturalists • have supposed the fibrous roots of all 
plants to be of annual duration only ; and those of bulbous- 
and tuberous-rooted plants certainly are so: as in these:Na- 
ture has provided a distinct reservoir fbr the sap which is to 
fornl the first leaves and fibrous roots of the succeeding sea- 
son ; but the organization of trees is very different, and the 
alburnum and bark of the roots and stems of these are the 
reservoirs of their sap during the wintert. When, however, 
the fibrous roots of trees are crowded together in a garden- 
pot, they are ofen found lifeless in the succeeding spring ;
but I have not observed the same mortality to occur, in any 
degree, in the roots of trees when growing, under favourable 
circumstances, in their natural situation. 
I am prepared to offer some observations on the causes 
which direct the roots of plants in search of proper nutri- 
ment, and which occasion the root of the same plant to as- 
sume different forms under different circumstances; but I 
propose to make those observations the subject of a future 
communication. I am, my dear sir, 
with great respect, your much obliged, &c. &c. 
THOMAS AnD.  KNIGHT. 
~lton, Dec. 92, 1808. 
VI..dnal!tsls oJ the Mgcanlque C~leste of )~[. LA PLACE. 
.By M. B,oT. 
[Continued from vol. xxxili, p. 476.] 
THe author is afterwards occupied with the determination 
of the motions of the heavenly bodies by successive approxi- 
mations. In the theory of these motions the action of the 
9erturbating forces only obliges us to add some small terms 
• M. Mirbel's T~'alt~ d'.4nntomie~ &c. &c. Dr. $mlth'~ Introduction to 
:Botany'. 
t" Philosophical Transactions for 1805. 
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Analysis of the M~canlque C~leste of M. La Place. 37 
to the differential equations of the elllptie motion : the au- 
thor consequently examines what are the changes to whieh it 
is necessary to subject he integrals of the differential equa- 
tions, in order to have those of the same equations aug- 
mented by certain terms. The analysis which he uses gives 
these integrals in a simple and exact manner when the pro- 
posed equations are linear, and furnishes in general a method 
of obtaining them by approximation: we may attain the 
same object by the method of successive substitutions. The 
author details this process, which has the inconvenience of 
introducing ares of a circle, out of the periodical signs in 
the approximate integral, even when they are not to be 
found in the exact integral; and this cireumstanee takes 
plaee when this last should contain, under the periodical 
signs, the very small eoeffieients, aeeording to the powers 
of which the approximate integral is ordered, these arcs of 
a eirele being suseeptible of an indefinite increase wout~ at 
length render the approximate integrals defective ; and as it 
is of importanee that these integrals may embrace past and 
future ages, it is necessary to repass from these ares of a 
circle to the functions which produce them by their deve- 
lopment into series. In order to attain this object, the an,~ 
thor gives a method applicable to any given number of diffe° 
rential equations ;, he shows afterwards that the integrals of 
the differential equations preserve the same form, 'qhen these 
equations are increased by certain terms ; and from this he 
deduces the means of obtaining, among the arbitrary constant 
quantities, the conditions relative to this last supposition : 
he afterwards hows the utility of the variation of the con- 
stant arbitrary, quantities for facilitating the approximate in~ 
tegration of the equations in certain eases. 
The author applies the preceding methods to the pertur- 
bations of the celestial motions ; he obtains at first nnder a 
finite form the perturbations of the motion in longitude, la- 
titude, and those of the radius vector of the orbit : he after- 
wards takes up the stxbjeet of the important problem which 
has for its object the development of perturbations in con- 
vergent series of the sine and cosifie of angles increasing'pro- 
portionally to the time. To obtaia this~ he £rstgives a very 
C a ~imple 
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3S /Inalysis of the M~canique Ctleste of M. La Place. 
simple method, by which we immediately obtainthe differen- 
tial equations which determine the perturbations ordered ac- 
cording to the powers and to the products of the excentricities 
of the inclinations of the orbits. This method consists in sup- 
posing the radius vector of the disturbed orbit expressed by 
a function of the same form as that of the elliptic orbit'; the 
quantity which enters into t.his function is then found, given 
as in the elliptic motion by a linear differential equation of 
the second order with constant, coefficients, increased by a 
last term depending on the action of the disturbing forces ; 
circumstances which permit us to apply to this equation the 
methods of integration,p~eviously detailed : in the latter, re- 
gard is had only to the first power of the disturbing force. 
It is'.neeessary,'for what precedes, to develop a certain fune- 
tion of the masses and of the mutual distances of the bodies 
of the system in a converging series of the sines and cosines 
of ;singles increasing proportio.nally to the time. The au- 
thor ~ives the method of attaining this, and employs, in 
thii calculation, in a very elegant manner~ the characteristic 
aft'the, integrals of finite differences : this pet'mits him to ex- 
press, with much simplicity the development sought, and 
the product of this development by the sine or cosine of any 
~,  According to. what' pretties, he determines the 
pert~o-ations of motion in longitutie, latitude, and those of 
the radius vector of the orbit, carrying his precision as far 
as,quantities of the order of the eccentricities and of the 
inclinations of the orbits, and demonstrates the convergency 
ef~tlaese results, whatever be the ratio, of the distances of 
the planetsl which we consider to the sun ; a circumstance 
the~ more important o observe~ since otherwise it would 
have been impossible to express analytically the reciprocal 
perturbatidns of the planets, with respect to which the rela- 
tions of these distances approach to unity: he afterwards 
collects these results which contain the whole theory of the 
p}anets~ ~ when we neglect he squares and products of the 
eccentricities, and of  the inclinations of the orbits, which.is 
most frequently permitted. After having shown how we 
6enid, if it were necessary, obtain a greate r approximation, 
he gives the means of estimating the degree of precision ot~ 
the 
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~Inalysis of the ~I~canique C~leste of M. La Place. 39 
the different terms of which these formulae are eomposed~ 
and shows that we may easily extend them to the case in 
which the number of the disturbing masses is given. 
The formuIEe which give the disturbed motion contain° 
ing in some of their terms the time without periodical signs~ 
the author employs the method described above to make 
these terms disappear. This process leads to differential 
equations among the constant arbitrary quantities of the 
problem which are here the elements ot" the elliptic motion :
we obtain by this means the variations which these elements 
undergo in consequence of the action of Ihe disturbing 
masses, at least so far as we negleet the second powers of 
~these masses, and tho~e of the eccentricities and inclinations 
of the orbits. The first property which this analysis dis-, 
plays, is,. that the transverse axes of the o/'bits and the mean 
motions are unalterable ; but the expression of the longitude 
from which we draw this result being only approximate, it
is important to examine the nature of the terms" which might 
be there introduced by successive approximations ; for, if 
there were any which were proportional to the square of the 
time, the preceding property would cease to take place, and 
the transverse axes and the mean motions might be indefi- 
nitely altered. The author shows, that if we regard only the 
first power of the disturbing masses, however far in other 
respects we may extend the approximation with respect o 
the eccentricities and inclinations, the expression of the 
longitude will never contain any similar terms, at least 
while the/nean motions of the bodies of the system are in- 
commensurable among each other, which is the case with 
the solar system ; whence it results, that by confining our- 
selves to the first powers of the disturbing masses, the trans- 
verse axes of the orbits are constant, and the mean motions 
uniform. The author afterwards integrates the differen- 
tial equations which determine the variations of the other 
elliptic elements ; he discusses their extent, and shows that 
the solar system can only oscillate around a mean state of 
ellipticity and o f  inclination, from which it wanders little : 
hence it follows, that the orbits of the planets and satellites 
pever have been, and never will bee considerably eccentric, 
C 4 nor 
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40 Anal~jsis of the M~canique Celeste of M. La Place. 
nor inclined to each other, at least if we regard only the 
muttaal action of these bodies. The variations determined 
by the preceding analysis, taking place with great slowness, 
have been named secular ; and we may, during a long in- 
terval, suppose them proportional to the time: the author 
gives the method of obtaining them under that formj which 
is useful for astronomical purposes. 
These inquiries make known some relations among the 
elements of the orbits which are only approximate : the au- 
thor develops those which take place in general, whatever 
may be the eccentricities and the inclinations : he afterwards 
gi~es the necessary formulae for determining, with respect 
to the solar system, the position of the invariable plane upon 
which the sum of the areas described by the projections of 
the radii vectores of the bodies of the system, multiplied re- 
spectively by the masses of these bodies, is a maximum. 
The research of this plane becomes very important, on ae- 
count of the proper motions of the stars and of the ecliptic ;
but it requires that we should know the masses of the co- 
mets, and the elements of their orbits: happily, tliese 
masses appearing to be very small, we may, without any 
perceptible rror, neglect their action on the planets : con- 
sidering then the motion of two orbits inclined one to the 
other by any given angle, the author shows that, indepen- 
dently of every extraneous cause, the two orbits will always 
cut the invariable plane r lative to their system in the same 
atraight line, the ascending node of the one coinciding with 
the descending node of ttle other ; and he gives, upon the 
supposition of very small inclinationsj the expression of the 
motion of this intersection. 
The preceding method only giving the inequalities inde- 
pendent of the mutual configuration of the bodies of the 
system, the author esumes this problem by a different pro- 
cess ; he infers from analytical considerations detailed above, 
that the disturbed motion of the celestial bodies may be re- 
ferred to the laws of elliptic motion, supposing the elements 
of this motion variable ; he shows that these results may also 
be drawn immediately from the consideration of elliptic mo- 
tion, regarding the disturbed planet, as oscillating in a very 
small 
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Ana~ysls of the Mgcanique C~leste of M. La Place. 41 
small orb around a fictitious planet, moved according to the 
laws of elliptic motion, in an ellipsis~ the elements of which 
vary by insensible shades ; hence are deduced with facility~ 
the differential equations which determine these variations. 
By applying these results to the ease of orbits eccentric in a 
small degree, and little inelined towards each other, and 
neglect;.ng the second powers of the perturbating masses, we 
see in the first place that the transverse axes and the mean 
motions are only subjected to periodical variations depending 
upon the mutual configuration of the bodies of the system, 
and thereby even not very extensive : hence it follows that 
by neglecting these quantities, the major axes of the orbits are 
constant, and the mean motions are uniform ; a result pre- 
viously found by a different method. This property only takes 
place when the mean motions of the bodies of the system are 
incommensurable among each other, which is the ease with 
the planets : if; with respeet to some of these bodies, very 
little is required in order to fulfil thi~ condition, the et|iptie 
elements, and particularly the mean longitude which de- 
pends upon two integrations, acquire in certain terms very 
large divisions, which introduce there some very perceptible 
inequalities. The author gives the method of determining 
those which affect the mean longitude, and he shows that 
when there are inequalities of this kind, which the action of 
one of the bodies of the system produces upon the mean 
motion of another, it is easy to deduce those which the ac- 
tion of the second body produces on the mean motion of the 
first, and he proves that these inequalities are affected by 
contrary signs, and reciprocal to the products of the masses 
of bodies by the square roots of the major axes of their or- 
bits. The illustrious author of this work has been the first 
to demonstrate hat to a similar cause is owing the aeeele- 
ration of the mean motion of Jupiter, and the retardation of 
that of Saturn. (M~moires de l'Academie, 1784-82). 
The author afterwards examines the ease in whieh the 
most perceptible inequalities of the mean motion are only to 
be met with among the terms of the order of the square of 
theperturbatrix masses: this singular circumstance takes 
place in the system of the satellites of Jupiterj and it depends 
ut~on 
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42 Analy~s of the M~canlque O~leste of Mr. La Place. 
upon the relations which observations point out betweetx 
the mean motions of the three first among each other. The 
author develops at pruper length this important point of the 
system of the world ; and from it he infers that the mean 
~notion of the first satellite, minus thrice that of the second, 
plus twice that of the th#d, is exactl~t and constant 0 equal 
to nothing, and that the mean longitude of thed/ira satellite 
minus thrice that of the second, plus thrice that of the third~ 
is exactly and constantly equal to two right angles. Theso 
elegant theorems, which would of themselves be sufficient 
to immortalize their author, have been presented for the 
first time to geometricians and astronomers, in the Memoirs 
above quoted. 
The author afterwards develops the differential equations 
which determine the variations of the other elements of the 
orbit : he shows that the values of the unknown quantities 
which they contain are composed of two parts ; the one, de- 
pending upon the mutual configuration of the bodies of the 
system, contains the variations calledperiodlc; the other, in- 
dependent of this configuration~ contains the variations called 
secular. The author gives a very simple method of'obtaining 
the first part ; and as to the second, he proves that it is gi,cen 
by the same differential equations deprived of their last terms ; 
a circumstance which refers them to those which he had 
formerly treated of at full length, by the first method of ap- 
proximatlon which we have mentioned. 
We have said that the relations of the mean motions may 
introduce, in the expression of the mean longitude, a sen- 
sible inequality among the terms depending upon the second 
power of the disturbing masses. The author examines the 
influence of these same relations upon the other elements~ 
and he determines the inequalities resulting from them; he 
establishes the very simple relations which connect these in- 
equalities with those of the mean motion ; he discusses the 
variations to which the same cause subjects the expressions 
of the latitude above a fixed plane a little inclined to the or- 
bit ; he shows how by means of these results wo obtain the 
values of the latit~xde, longitude, and of the radius vector of 
the disturbed orbit~ variable quantities which determine 
thQ 
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~ceount of the D~ssectlon of a Human Foetus. 43 
the position of the celestial bodies. In this manner ter- 
minates the second book: extremely remarkable from the 
importance of th6 subject, the elegance of the methods, and 
the simplieity of the details ; valuable advantages which are 
principally felt in the inquiry into the inequalities depending 
upon the relations of the mean motions. Geometricians 
know that i is to the author of this work we are indebted 
~or almost he whole of this theory. 
~ND OF BOOK SECOND. 
[To be continued.] 
VII. Account of the Dissection of a Human Foetus, in which 
the Circulation of the Blood was carried on without a 
Heart. B~ Mr. B. C. BRODIE. Communicated b~t EVS- 
~aaI~ HOME, Esq., F.R.$d' 
.AN opportunity lately occurred to me of examining a hu- 
man foetus, in which the heart was wanting, and the cireu- 
]ation of the blood was carried on by the action of the veasels 
only. There have been some other instances of this remark- 
able deviation from the natural structure ; but in that to 
which I allude the growth of the child had been natural, 
and it differed much less from the natural formation than iix 
any of those which are on record, and I have therefore been 
induced to draw up the following account of it. 
A woman was delivered of twins in the beginning of the 
seventh month of pregnancy. There was a placenta with 
two umbilical chords, which had their origin about three 
inches distant from each other. The placenta was not pre- 
served; but Mr. Adams, who attended the mother in her 
lying-in, observed nothing unusual in its appearance. Both 
foetuses were horn dead. They were nearly of the stone size. 
One of them in no respect differed from the ordinary forma- 
tion, the other had an unusual appearance, and Mr. Adam, 
thought it deserving of examination. Through Dr. Hooper 
it was put into my hands for this purpose. 
The fc~tus measured thirteen inches from the summit of 
g' From Philosophical Tramaetiom for 1809, Part I, 
the 
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